WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(51) International Patent Classification 6 : 

H03G 3/20, H04B 7/00 // H03M 1700 


Al 


(11) International Publication Number: 
(43) International Publication Date: 


WO 99/34506 

8 July 1999 (08.07.99) 


(21) International Application Number: PCT/FI98/01014 

(22) International Filing Date: 22 December 1998 (22.12.98) 


(30) Priority Data: 

974636 


29 December 1 997 (29. 1 2.97) Fl 


(71) Applicant (for all designated States except US): NOKIA 
TELECOMMUNICATIONS OY [FI/FI]; Keilalahdentie 4, 
FIN-02150 Espoo (FI). 

| (72) Inventors; and fiiwTrvtT , v , . _., . 

75) Inventors/Applicants (for US only): HUTTUNEN, Mikko 
[FI/FI); Teirintie 9 D 8, FIN-02770 Espoo (FI). 
PUHAKA1NEN, Pekka [FI/FI]; Armas Launiksen katu 6 D 
49, FIN-02600 Espoo (FI). 

(74)Aeent: PATENTTITOIMISTO TEKNOPOLIS KOLSTER 
OY; c/o Kolster OY AB, P.O. Box 148, FIN-00121 
Helsinki (FI). 


(81) Designated States: AL, AM, AT, AT (Utility model), AU, AZ, 
BA, BB, BG, BR, BY, CA, CH, CN, CU, CZ. CZ (Utility 
model), DE, DE (Utility model), DK, DK (Utility model), 
EE, EE (Utility model). ES, FI, FI (Utility model), GB, GD, 
GE GH, GM, HR, HU. ID, IL, IN, IS, JP, KE. KG, KP, 
KR KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, 
MN. MW, MX, NO, NZ, PL. PT, RO. RU. SD, SE. SG, SI, 
SK, SK (Utility model), SL, TJ, TM. TO, TT, UA, UG, US, 
UZ, VN. YU, ZW, ARIPO patent (GH, GM, KE, LS, MW, 
SD, SZ, UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, 
MD, RU, TJ, TM). European patent (AT, BE, CH. CY. DE, 
DK, ES. FI. FR, GB. GR. IE, IT, LU. MC, NL, PT, SE), 
OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, 
MR, NE, SN, TD, TG). 


Published 

With international search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 


BEST AVAILABLE GOr 


(54) Title: RECEPTION METHOD AND RECEIVER 

BEST AVAILABLE GUki 





30 


A/D 


DSP 

12 bit 

> 

16 bit 


, 40 


AGC 


(57) Abstract 
| timeslot. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 


AL 

Albania 

ES 

Spain 

LS 

Lesotho 

SI 

Slovenia 

AM 

Armenia 

FI 

Finland 

LT 

Lithuania 

SK 

Slovakia 

AT 

Austria 

FR 

France 

LU 

Luxembourg 

SN 

Senegal 

AU 

Australia 

GA 

Gabon 

LV 

Latvia 

SZ 

Swaziland 

AZ 

Azerbaijan 

GB 

United Kingdom 

MC 

Monaco 

TD 

Chad 

BA 

Bosnia and Herzegovina 

GE 

Georgia 

MD 

Republic of Moldova 

TG 

Togo 

BB 

Barbados 

GI! 

Ghana 

MG 

Madagascar 

TJ 

Tajikistan 

BE 

Belgium 
Burkina Faso 

GN 

Guinea 

MK 

The former Yugoslav 

TM 

Turkmenistan 

BF 

GR 

Greece 


Republic of Macedonia 

TR 

Turkey 

BG 

Bulgaria 

HU 

Hungary 

ML 

Mali 

TT 

Trinidad and Tobago 

Bj 

Benin 

IE 

Ireland 

MN 

Mongolia 

UA 

Ukraine 

BR 

Brazil 

IL 

Israel 

MR 

Mauritania 

UG 

Uganda 

BY 

Belarus 

IS 

Iceland 

MW 

Malawi 

US 

United States of America 

CA 

Canada 

IT 

Italy 

MX 

Mexico 

UZ 

Uzbekistan 

CF 

Central African Republic 

JP 

Japan 

NE 

Niger 

VN 

Vict Nam 

CC 

Congo 

KE 

Kenya 

NL 

Netherlands 

YU 

Yugoslavia 

CH 

Switzerland 

KG 

Kyrgyzstan 

NO 

Norway 

ZW 

Zimbabwe 

CI 

C6te d' Noire 

KP 

Democratic People's 

NZ 

New Zealand 



CM 

Cameroon 


Republic of Korea 

PL 

Poland 



CN 

China 

KR 

Republic of Korea 

PT 

Portugal 



CU 

Cuba 

KZ 

Kazakstan 

RO 

Romania 



CZ 

Czech Republic 

LC 

Saint Lucia 

RU 

Russian Federation 



DE 

Germany 

LI 

Liechtenstein 

SD 

Sudan 



DK 

Denmark 

LK 

Sri Lanka 

SE 

Sweden 



EE 

Estonia 

LR 

Liberia 

SG 

Singapore 




WO99/3450$ 


CT/FI98/01014 


1 

Reception method and receiver 

FIELD OF THE INVENTION 

The invention relates to a reception method used in a receiver of a 
TDMA radio system for receiving signals placed in timeslots and for changing 
the level of the received signal by automatic gain control, and for taking sam- 
ples of a signal placed in a timeslot for converting the signal into digital. 

BACKGROUND OF THE INVENTION 

A typical feature of a radio network environment is that a signal 
does not propagate directly between a user and a base station. Depending on 
the characteristics of the environment, the signal propagates from a transmit- 
ter to a receiver via a plurality of paths of different lengths. This kind of multi- 
path propagation takes place even if the base station and the mobile station 
are within sight of one another. Multipath propagation is mainly due to reflec- 
tions from surrounding surfaces. Signals propagating on different paths have 
transit delays of different lengths and arrive at the receiver in different phases. 
The subscriber terminal can be e.g. a mobile phone, whereby the movement 
of the subscriber terminal causes different reflections. The relative movement 
of the subscriber terminal also causes a frequency change of the size of the 
Doppler shift in the signal with respect to the nominal frequency of the signal. 

In a cellular network, users are located at random with respect to 
the base station and each other. Between the base station and the subscriber 
terminal, the attenuation of a signal modulated to a carrier is represented by 
transmission link attenuation, which increases at least in quadrature as the 

distance increases. 

Fading occurs if the multipath components propagating to the re- 
ceiver on different paths are summed up in the receiver. Carriers transmitted 
by subscriber terminals close to the base station propagate fairly directly to 
the base station. A carrier transmitted far away from the base station, in turn, 
may be reflected, causing the carrier to propagate to the base station on sev- 
eral different paths. Carrier reflections cause different problems, such as ro- 
tary phase errors in the signal received by the receiver. Problems arise in sig- 
nal reception when subscriber stations are in motion, and signal frequencies 
change due to the Doppler shift. 

Propagation loss causes weakening in a transmitted signal, where- 
by signals transmitted at the same transmission level have different levels 
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when arriving at the receiver. Different interfering signals generated by signal 
reflection may be summed up to an information signal in opposite phases, 
causing further attenuation in the information signal. Different obstacles may 
attenuate the signal the more the longer the distance between the transmitter 

5 and the receiver. If the signal attenuates enough, the connection between the 
subscriber terminal and the base station may be disconnected or the connec- 
tion cannot be established at all in the first place. 

In radio systems, connections can be established by signals at dif- 
ferent frequencies. Signals can also be transmitted by interleaving them suita- 

10 bly into timeslots. A signal propagated a long way on the radio path has typi- 
cally required a lot of amplification in the receiver. A signal which has a short 
way from the transmitter to the receiver has typically been amplified only 
slightly in the receiver. 

In other words, the receiver of the base station requires as wide a 

15 dynamic range as possible to be able to receive signals with widely varying 
levels. The size of the dynamic range of the receiver is affected to a particu- 
larly large extent by the dynamics of the A/D converter used in the receiver. If 
the level of a received signal exceeds the maximum limit of the dynamic range 
of the A/D converter, the converter only gives a reading corresponding to the 

20 maximum limit. The maximum reading of the converter could be e.g. 0x7fff. 
The converter can display the maximum reading all the time during which the 
level of the input signal remains above the maximum limit of the dynamic 
range of the converter. When the input signal of the receiver exceeds the 
maximum limit of the dynamic range of the A/D converter, the input signal 

25 loses information. 

Variation in the level of a received signal during a timeslot has been 
a major source of problems in the operation of receivers. Problems have 
arisen e.g. in TETRA systems (TETRA = Terrestrial Trunked Radio), in which 
the typical duration of a timeslot is 14.1 ms. The dynamic range of an A/D 

30 converter has to be wide, since signal level may have varied substantially 
during a period equal to a timeslot. In prior art receivers, problems have been 
reduced by setting the level of a signal to be received slightly before the start 
of a timeslot to optimal in view of the A/D converter by means of AGC circuits 
(AGC = Automatic Gain Control). 

35 However, widening the dynamics of an A/D converter in such a 

manner that a converter having a relatively narrow dynamic range could be 
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used in a receiver which receives signals at highly varying levels has become 
a problem The use of converters with higher dynamics has been the easiest 
manner to increase the dynamics of a receiver. However, the problem >n an 
A/D converter having high dynamics is its relatively high acquisit.on pr.ce. In 
addition, problems have arisen in adapting the A/D converter to s.gnal proc- 
essing parts. 

BRIEF DESCRIPTION OF THE INVENTION 

It is an object of the invention to provide a reception method and a 
receiver for implementing the method to solve the above problems. 

This is achieved by a method of the type described in the introduc- 
tion characterized by adjusting the levels of the generated signal samples to 
optimal by means of automatic gain control by using the levels of the s.gna 
samples generated at the start of the timeslot to adjust the levels of s.gnal 
samples that are generated in the same timeslot later than the signal samples 
1 5 Generated at the start of the timeslot. 

The invention also relates to a receiver used in a TDMA radio sys- 
tem for receiving signals placed in timeslots, comprising amplifier means for 
changing the level of a received signal by means of automatic gam control, 
and converter means for taking samples of a signal placed in a timeslot, the 
20 converter means using the samples to convert the signal into d.g.tal. 

The receiver of the invention is characterized by comprising control 
means for adjusting the levels of the signal samples generated by the con- 
verter means to optimal by means of automatic gain control by the control 
means using the levels of the signal samples generated at the start of the 
25 timeslot to adjust the levels of signal samples that are generated .n the same 
timeslot later than the signal samples generated at the start of the timeslot. 

The preferred embodiments of the invention are disclosed in the 

dependent claims. . 

The invention is based on combining the gain informat.on obtained 
30 from automatic gain control and the sample obtained from the converter 
means, allowing prevention of rapid changes in s.gnal levels. 

The reception method and receiver of the invention provide several 
advantages. The reception method allows widening of the dynamic range of a 
receiver The method adjusts a signal at several points of a timeslot, allowing 
35 prevention of transients generated by signal discontinuities. The receiver may 
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also use the method to generate a digital signal with a low bit error ratio. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the following the invention will be described in greater detail in 
association with preferred embodiments with reference to the attached draw- 

5 ings, in which 

Figure 1 schematically shows a receiver of the invention, 
Figure 2 shows widening of the dynamic range of a receiver, 
Figure 3 illustrates the use of automatic gain control, 
Figure 4 shows the combined use of automatic gain control and a 

10 sample signal, 

Figure 5 is a flow diagram clarifying generation of a calculated 

sample signal to be used in a receiver, and 

Figure 6 shows a radio system which uses the method of the inven- 
tion. 

1 5 DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 schematically shows a receiver 80 of the invention. The 
figure only shows the parts of a receiver which are relevant to the invention. 
The receiver 80 comprises an antenna 10, amplifier means 20, converter 
means 30 and signal processor means 40. From the radio path the receiver 
20 receives by its antenna 10 a signal which is applied to the amplifier means 20 
after reception. The amplifier means 20 amplify or attenuate the received sig- 
nal. After amplification or attenuation, the signal is applied to the converter 
means 30. In practice, the converter means are implemented by an A/D con- 
verter. Once the analog signal has been converted into a digital signal, the 
25 digital signal is applied to the processor means 40, implemented by e.g. a 
. digital signal processor. 

In the solution of the figure, the antenna 10 receives signals which 
are placed in timeslots and applied via the amplifier means 20 to the converter 
means 30. The converter means 30 take samples of the signal and use them 
30 to generate a digital signal. Sampling may take place at the frequency of e.g. 
162 kHz. If the receiver receives symbols placed in timeslots, then one symbol 
may required e.g. nine samples. The receiver according to the figure uses 
automatic gain control, partly implemented by feedback from the processor 
means 40 to the amplifier means 20. 
35 The receiver further comprises control means 50 connected to the 
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converter means 30 in the solution of the figure. The control means 50 adjust 
the level of the signal samples generated by the converter means 30 to opti- 
mal by automatic gain control. Automatic gain control allows the processor 
means 40 to receive sample signals generated from the same symbol, the 
5 sample signals being substantially at the same signal level. The advanta- 
geous use of signal samples and automatic gain control enables widen.ng of 
the dynamic range of the receiver. 

Figure 2 shows widening of the dynamic range of a receiver. If the 
converter means 30 are e.g. 12-bit and the processor means 40 e.g. 16-b.t, 
1 0 then the converter means 30 typically determine the size of the dynamic range 
of the receiver. However, the figure shows that the method of the invention 
allows the dynamic range of a receiver to be widened substantially to the size 
of the dynamic range of the processor means 40. 

As stated above, the converter means 30 take samples of the re- 
15 ceived signal. The signal samples which are in the same timeslot and which 
are used to generate the digital signal, are generated at slightly different 
times The more samples are taken of a signal, the better and more exactly 
the digital signal corresponds to the signal being sampled. However, in prac- 
tice samples are only taken to a degree which ensures a .sufficiently high 
20 probability of the converted signal being restored to digital form. Samples are 
taken evenly at different points of a signal, whereby the entire signal placed in 

a timeslot will be gone through. 

The converter means 50 use the levels of the signal samples gen- 
erated by the converter means 30 to adjust the levels of signal samples to be 

25 generated later. More exactly, the control means 50 use the samples gener- 
ated at the start of the timeslot to adjust the levels of signal samples to be 
generated later in the same timeslot. The control means 50 preferably adjust 
the levels of signal samples to be generated later from the signal of the same 
timeslot on the basis of the level of the signal sample generated f.rst in the 

30 timeslot. 

Figure 3 clarifies the use of automatic gain control. The figure 
shows automatic gain control at different points of a timeslot. As can be seen 
from the figure, the level of a received signal is adjusted at the start of the 
timeslot. Adjustment at the start of a timeslot is what is known as rapid AGC, 
35 preferably carried out only once. Rapid AGC is not necessarily very exact, but 
it serves to fix the dynamic range. After rapid control, what is known as slow 
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AGC is used in the timeslot to adjust the signal level up or down e.g. one 
decibel at the time. 

Figure 4 shows the combined use of automatic gain control and a 
sample signal. The figure shows that after rapid control at the start of the 
5 timeslot, the AGC data is combined with the sample signal generated by the 
converter means 30. 

In the following, the operation of the amplifier shown in Figure 1 will 
be described in greater detail. The control means 50 of the amplifier are con- 
nected to the amplifier means 20 by means of feedback. When required, the 

1 0 control means 50 adjust the amplification coefficient used in signal amplifica- 
tion so that the levels of the signal samples increase. The control means 50 
also set certain limit levels for the level of the sample signal. If the level of the 
sample generated later is lower than the pre-set level, the amplifier means 20 
use the first samples of the signal to increase the levels of the signals to be 

1 5 generated later. Samples generated later are preferably changed on the basis 
of the first sample generated from the signal. 

If the level of a sample generated later exceeds the pre-set level, 
the control means 50 further use the level of the signal sample generated at 
the start of the timeslot to reduce the levels of samples to be generated later. 

20 If the level of the sample signal is within the pre-set limit, the control means 50 
generate, on the basis of the sample signal and the amplification coefficient 
used in automatic gain control, a calculated sample, which is used as the ac- 
tual signal sample. However, the control means 50 may adjust the amplifica- 
tion coefficient used in signal amplification on the basis of something else 

25 than signal level. 

The control means 50 generate the calculated sample by multiply- 
ing the sample signal and the reciprocal of the amplification coefficient used in 
automatic gain control. However, the calculated sample can be generated in 
another manner than by multiplication. Figure 5 shows a flow diagram clarify- 

30 ing generation of the calculated sample. The calculated sample generated by 
the control means 50 is used as the actual signal sample, which is further 
used in generating receiver algorithms. The flow diagram shows that the level 
of the signal sample is first compared with an upper limit. If the level exceeds 
the upper limit, amplification is decreased. The control means 50 also store an 

35 AGC value, whereby it can be used also for the following sample. 

If the level of the signal sample does not exceed the upper limit, the 
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level is compared with a lower limit. If the signal level is below the lower limit, 
amplification is increased. The control means 50 also store the AGC value 
being currently used, whereby it can be used for the following sample. If the 
level of the sample signal is between the set upper and lower limit, the control 
means 50 generate a calculated sample. The control means 50 also compen- 
sate for the effects of the amplification coefficient used in automatic gain con- 
trol to prevent the generation of signal samples having widely varying levels. 
In practice this- means that if the amplification of the amplifier means 20 is in- 
creased e.g. 3 dB, the samples generated by the converter means 30 have to 
be decreased similarly by an attenuation coefficient producing 3-dB attenua- 
tion. 

Figure 6 shows a radio system using the method of the invention. 
The radio system described is preferably a system in which each signal is 
placed in a relatively long timeslot. A radio system of the above type is e.g. 
the TETRA system, in which the duration of a timeslot is so long that the 
channel has time to change substantially during the timeslot. The radio system 
shown in the figure comprises a base station 100, a number of subscriber ter- 
minals 200 and a base station controller 300. The figure shows that the re- 
ceiver 80 of the invention may be located e.g. in the base station 100 or in the 

subscriber terminal 200. 

Although the invention has been described above with reference to 
the example according to the attached drawings, it is obvious that the inven- 
tion is not restricted thereto, but can be modified in a variety of ways within the 
scope of the inventive idea disclosed in the attached claims. 
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CLAIMS 

1. A reception method used in a receiver (80) of a TDMA radio 
system for receiving signals placed in timeslots and for changing the level of 
the received signal by automatic gain control, and for taking samples of a sig- 

5 nal placed in a timeslot for converting the signal into digital, character- 
ized by 

adjusting the levels of the generated signal samples to optimal by 
means of automatic gain control 

by using the levels of the signal samples generated at the start of 
10 the timeslot to adjust the levels of signal samples generated in the same 
timeslot later than the signal samples generated at the start of the timeslot. 

2. A method as claimed in claim 1, characterized by using 
the level of the signal sample generated at the start of the timeslot to adjust 
the levels of signal samples to be generated later in the same timeslot on the 

1 5 basis. 

3. A method as claimed- in claim ^characterized by using 
the level of the signal sample generated at the start of the timeslot to increase 
the level of the samples to be generated later. 

4. A method as claimed in claim ^characterized by setting 
20 limits for the level of the sample signal, and if the level of the sample signal is 

within the set limits, generating a calculated sample on the basis of the sam- 
ple signal and the amplification coefficient used in automatic gain control, the 
calculated sample being used as the actual signal sample. 

5. A method as claimed in claim 1, characterized by setting 
25 limits for the level of the sample signal, and if the level of the sample signal is 

within the set limits, multiplying the sample signal and the reciprocal of the 
amplification coefficient used in automatic gain control to generate a calcu- 
lated sample to be used as the actual signal sample. 

6. A method as claimed in claim ^characterized by using 
30 the level of the signal sample generated at the start of the timeslot to decrease 

the levels of samples to be generated later, if the sample level exceeds a pre- 
set level. 

7. A method as claimed in claim 1, characterized by ad- 
justing the amplification used in automatic gain control on the basis of the 

35 level data of the samples generated at the start of the timeslot. 
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8. A method as claimed in claim 1, characterized by proc- 
essing the generated signal samples, and as the levels of the signal samples 
are being adjusted, the adjustment is compensated for to eliminate the gen- 
eration of signal samples with highly different levels. 
5 9. A receiver (80) used in a TDMA radio system for receiving sig- 

nals placed in timeslots, comprising amplifier means (20) for changing the 
level of a received signal by means of automatic gain control, and converter 
means (30) for taking samples of a signal placed in a timeslot, the converter 
means (30) using the samples to convert the signal into digital, c h a r a c - 

10 terized by 

comprising control means (50) for adjusting the levels of the signal 
samples generated by the converter means (30) to optimal by means of auto- 
matic gain control 

by the control means (50) using the levels of the signal samples 
15 generated at the start of the timeslot to adjust the levels of signal samples 
generated in the same timeslot later than the signal samples generated at the 

start of the timeslot. 

1 0. A receiver as claimed in claim 9, characterized by the 
control means (50) using the samples generated at the start of a timeslot to 

20 adjust signal samples to be generated later in the same timeslot. 

1 1 . A receiver as claimed in claim 9, characterized by the 
control means (50) using the level of the signal sample generated first to ad- 
just the levels of signal samples to be generated later in the same timeslot. 

12. A receiver as claimed in claim 9, characterized by the 
25 control means (50) using the level of the signal sample generated at the start 

of the timeslot to increase the levels of samples to be generated later, if the 
level of the sample generated later is below a pre-set level. 

13. A receiver as claimed in claim 9, characterized by the 
control means (50) setting limits for the level of the sample signal, and if the 

30 level of the sample signal is within the set limits, the control means (50) gen- 
erate a calculated sample on the basis of the sample signal and the amplifica- 
tion coefficient used in automatic gain control, the calculated sample being 
used as the actual signal sample. 

14. A receiver as claimed in claim 9, c h a r a c t e r i z e d by the 
35 control means (50) setting limits for the level of the sample signal, and if the 

level of the sample signal is within the set limits, the sample signal and the 
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reciprocal of the amplification coefficient used in automatic gain control are 
multiplied to generate a calculated sample to be used as the actual signal 
sample. 

15. A receiver as claimed in claim 9, characterized by the 
5 control means (50) using the level of the signal sample generated at the start 

of the timeslot to decrease the levels of samples to be generated later, if the 
level of the sample generated later exceeds a pre-set level. 

16. A receiver as claimed in claim 9, characterized by the 
control means (50) adjusting the amplification used in automatic gain control 

10 on the basis of the level data of the samples generated at the start of the 
timeslot. 

17. A receiver as claimed in claim 9, c h a r a c t e r i z e d by the 
receiver (80) comprising processor means (40) for processing signal samples, 
and while the control means (50) adjust the levels of the signal samples, the 

1 5 control means (50) compensate for the effects of the amplification coefficients 
used in automatic gain control to eliminate the generation of signal samples 
with highly different levels. 
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